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Abstract 
The Little Coal River, located in southern West Virginia, has undergone many changes 
over the last few years in an effort to reverse the negative effects of various point source 
and non-point source pollutions.  Marshall University, in cooperation with the West 
Virginia Department of Environmental Protection, Army Corp of Engineers, and the Coal 
River Group, has designed and implemented a plan for rehabilitation known as the Little 
Coal Improvement Project.  Several improvement structures were strategically installed 
within the Little Coal River during the summer of 2007.  The functions of these structures 
include sediment flushing and overall habitat improvement.  Monitoring these structures 
and other implementations of this project is to be performed over the course of 10 years.  
The purpose of this particular study is to analyze the initial findings of data collected 
regarding sediment, bacteria, and benthic macroinvertebrates.   
Initial analysis between June 2007 and June 2008, using ArcGIS, indicates the sediment 
flushing dam structures are functioning properly with a significant improvement of 
substrate composition.  However, results of specific conductance sampling indicate 
possible elevations in the Total Dissolved Solids (TDS), and previous reports have 
indicated elevated concentrations specifically of aluminum and iron.  Potential point 
source locations have been determined via remotely sensed data using unsupervised 
classification of false and natural color Landsat 5 and 7 imagery.  Bacteria analysis of 
October 2008 indicates elevated levels of E. coli within the stream and GIS was used to 
determine possible non-point source hotspot areas of this pollution.  However, initial GIS 
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analysis of benthic macroinvertebrate samples between spring 2007 and fall 2008 using 
WVSCI scores shows no general progressive trend or clustering.   
Overall, habitat has improved physically but the benthic macroinvertebrate data do not 
correspond with this finding thus far.  Further and continued data collection and analysis 
over the course of 10 years may be needed to conclusively determine the success of the 
overall project.  However, this study found promising results for the early stages of 
rehabilitation 
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Background 
Introduction 
As stated by scientist geographer John Wesley Powell, a watershed is “that area of land, a 
bounded hydrologic system, within which all living things are inextricably linked by their 
common water course and where, as humans settled, simple logic demanded that they 
become part of a community.” (EPA, 2009) 
The Coal River Watershed has been known to be a part of a community since the 
Delaware Indians ruled the local land.  Originally known as the Walhondecepe 
(translation “ditch place”), the river system was renamed by an 18th century explorer John 
Peter Salley for the coal deposits found along its banks.  Along its known history, 
humans have used the almost 900 square miles that make up the watershed for not only 
drinking water, but also as a food source, transportation, and many of the daily water uses 
within a community.  The Delaware Indians used the river for hunting and fishing, 
drinking, and navigation both in and beside the waters (Dean, 2008). 
When early settlers arrived, the river system started becoming used for transportation of 
coal and timber.  Cannel coal was in abundance in and along the river, and industry 
moguls began directing interest to the area.  The first working locks and dams system on 
an inland waterway in the US was constructed on the Coal Rivers in 1851 and used for 
transporting more than 850,000 bushels of coal by 1861.  Sawmills, flaxmills and 
gristmills were also built along the river, but still coal transportation was the most 
prominent use (Dean, 2008).  Over the years, the rivers have been overused, abused, and 
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polluted to the point they can no longer support the ecological diversity that was once 
dependent upon the delicately balanced aquatic ecosystem.  
The Coal River watershed is located in Putnam, Kanawha, Lincoln, Boone, Logan, 
Raleigh, and Fayette Counties.   
 
Figure 1.1 Coal River Watershed           
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Figure 1.2 Coal River Watershed 
 
Recently, there has been a movement for restoration of this river system.  Organizations 
have worked in cooperation with one another to design and implement a restoration plan 
tailored to correct or improve the degradation caused by sediment and other man-made 
interferences that have negatively impacted this system.  Structures known as sediment 
flushing dams have been installed to improve sediment load as well as stream habitat.  
Community wastewater treatment has been (re)designed to improve bacteria loads, and 
regular cleanups and monitoring have been planned for a 10-year study.  According to 
Dennis Stottlemyer, the mitigation coordinator for the West Virginia Department of 
Environmental Protection, millions of dollars will be spent on the restoration project, 
which is believed to be “the largest project of this type underway anywhere in the United 
States” (Steelhammer, 2011). 
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Little Coal River Improvement Project 
This particular study is focused primarily on the Little Coal River Watershed but will be 
beneficial information to apply to future studies of the entire Coal River system.  In 
cooperation with the West Virginia Department of Environmental Protection, the Coal 
River Group, and the Army Corps of Engineers, Marshall University has been involved 
with the Little Coal Improvement Project.  Sediment flushing structures have been put in 
place for benthic macroinvertebrate habitat as well as sediment control, and the 
watershed has gone through several cleanups and assessments.  The river is now being 
monitored by the WVDEP, Army Corp of Engineers (ACOE), Marshall University, and 
West Virginia University in support of a much larger project involving the entire 
watershed.   
Marshall University’s Aquatics lab began monitoring several aspects of the watershed in 
2007.  These include fall and spring benthic macroinvertebrate sampling, electrofishing 
and electrotrawling, water chemistry sampling, and bank surveys.  Bacteria sampling was 
conducted in the fall of 2008.  At the end of the monitoring period, all of this data will be 
entered into matrices that determine the health of the stream in mathematical terms.  In 
West Virginia, the WVSCI (Stream Condition Index) score is standard.  For the purpose 
of this study, an initial analysis of sediment data from 2007 and 2008, coliform bacteria 
data from 2008, and benthic macroinvertebrate data from 2007 and 2008 will be the 
primary focus.  This information can be used for future research and improvement project 
consideration.    
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Little Coal River begins in Madison, Boone County, at the confluence of Pond Fork and 
Spruce Fork and flows approximately 28 miles north to Alum Creek where it converges 
with the Big Coal River.  The dominant land use in the watershed is forest. Other 
important land use types include mining land, agriculture and urban/residential. There are 
several impaired streams within the watershed, including Little Coal River.  “TMDLs 
[total maximum daily loads] were developed for some combination of metals (dissolved 
aluminum, total iron, and total manganese) pH, selenium, fecal coliform bacteria, and 
biological impairments.”  (Capacasa, 2006) 
Sediment from mining, logging and oil and gas roads contribute the majority of the 
nearly 106,000 tons/yr. sediment load.  (Jones, 2007) It is believed that sediment and 
fecal coliform, through sedimentation and eutrophication, are the primary causes of 
biological impairment in the Little Coal River Watershed.  Therefore, if these specific 
issues are properly addressed and the corrections are implemented, the improvement plan 
should prove to be successful.  
 
Figure 2. Little Coal River Watershed  
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Structures 
The structures put in place by Marshall, ACOE, and WVDEP address the fine sediment 
and fish/benthos habitats in the Little Coal River.  Ten structures consisting of 5 Cross 
Vanes, 3 J-Hooks, and 2 Boulder structures were put into place during the summer of 
2007.  Figures 5 through 8 (pages 11-14) are photographs of these specific structures 
along the Little Coal River.  Figure 9 (page15) is a map of these site along the river 
system.  These structures became popular in the early 1990s for various reasons.   
The Cross-Vane is a grade control structure that decreases near-bank shear stress, 
velocity and stream power, but increases the energy in the center of the channel.  The 
structure will establish grade control, reduce bank erosion, create a stable width/depth 
ratio, maintain channel capacity, while maintaining sediment transport capacity, and 
sediment competence... The Cross-Vane is also a stream habitat improvement structure 
due to: 1) an increase in bank cover due to a differential raise of the water surface in the 
bank region; 2) the creation of holding and refuge cover during both high and low flow 
periods in the deep pool; 3) the development of feeding lanes in the flow separation zones 
(the interference between fast and slow water) due to the strong downwelling and 
upwelling forces in the center of the channel; and 4) the creation of spawning habitat in 
the tail-out or glide portion of the pool (D. L. Rosgen, p. 5).  
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Figure 3.1 Profile View of Cross Vane 
 
 
 
Figure 3.2 Cross Section View of Cross Vane   
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Figure 3.3 Plan View of Cross Vane 
 
The J-Hook Vane is an upstream directed gently sloping structure composed of natural 
materials.  The structure can include a combination of boulders, logs, and rootwads and is 
located on the outside of stream bends where strong downwelling and upwelling current, 
high boundary stress, and high velocity gradients generate high stress in the near-bank 
region.  The structure is designed to reduce bank erosion by reducing near-bank slope, 
velocity, velocity gradient, stream power and shear stress (D. L. Rosgen, p. 8). 
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Figure 4.1 Profile View of J-Hook            
 
 
Figure 4.2 Cross Section View of J-Hook 
 
 
Figure 4.3 Plan View of J-Hook   
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The boulder structures that were used are simple self-explanatory structures.  The 
boulders were placed strategically to change the flow of the water and increase 
improvement in stream habitat.  Five random sites were also chosen within the four-mile 
study site as reference sites for comparison.    
There have been countless improvement projects that include structures such as cross 
vanes and j-hooks, of which many of them have been deemed successful.  However, 
improvement structures have been known to fail due to poor design, construction, or 
catastrophic events.  There have been a number of studies conducted on structure failure 
(Brown 2000; Roper et. al, 1998), though several structures were used in each study.   
Roper et al. (1998) studied 4,000 rocks and log structures in the Pacific Northwest for 
durability.  Although the study found as the return period of the flood increased, or as the 
stream order increased, the durability decreased the cross vanes scored fairly high in 
durability.  Brown (2000) also found cross vanes to be functional in both the grade 
control and habitat categories, and were considered successful in the study (Puckett, 
Jennings, Grabow, Boyette, & Gregory, 2006). 
Structures should be designed to handle daily and monthly flow patterns as well as the 
large scale events.  Mid-size events are more likely to cause trouble soon after installation 
before the stream and structure has had a chance to settle and stabilize (Puckett, Jennings, 
Grabow, Boyette, & Gregory, 2006).  It is imperative to consider for the purposes of this 
study that there is a settlement period when the structure is more vulnerable and may 
either fail entirely or become compromised.   “According to Bhuiyan and Hey (2001), J-
hooks go through a period of time after installation where sediment is moving through a 
transforming thalweg before it begins moving over the point bar. They may also be 
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responsible for bank erosion around structures” (Puckett, Jennings, Grabow, Boyette, & 
Gregory, 2006). 
 
 
Figure 5. Structure being put in place on the Little Coal River 
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Figure 6. Cross Vane in the Little Coal River 
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Figure 7.  J-Hook in the Little Coal River 
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Figure 8. Boulder in the Little Coal River 
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Figure 9. Little Coal River Structure and Random Sampling Sites for Benthics  
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 Sediment 
Excess Sediment 
According to the WVDEP, sediment is the number one pollutant in West Virginia rivers 
and streams.  Over 3.6 billion tons of sediment reach the ponds, rivers and lakes of the 
United States each year. Erosion is a natural process, but humans have accelerated this 
process.  Some human activities shown to alter a stream’s natural sediment regime 
include: 
• Construction 
• Urbanization 
• Row cropping 
• Overgrazing 
• Livestock access to the stream 
• Logging 
• Riparian degradation 
• Channelization 
• Coal and gravel mining 
 (Turner) 
 
Excessive sediment is detrimental to aquatic life and to the stream itself.  Solid sediment 
load can be divided into two components on the basis of the mode of sediment transport: 
suspended sediment, and bedload sediment, each of which is clearly visible and is able to 
settle out of water. Suspended sediment consists of silt-sized and clay-sized particles held 
in suspension by turbulence. Bedload sediment consists of larger particles that can slide, 
roll, or bounce along the streambed by the force of moving water, or simply become 
deposited. This bedload sediment is what is commonly measured by Environmental 
Assessments as substrate quality.  Dissolved load consists of inconspicuous material and 
does not settle out of the water (Atkins, n.d).   
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The stream itself can be negatively impacted.  For example, the buildup of “sediment can 
reduce the hydraulic capacity of the stream, increasing the flood crests and potentially 
causing more flood damage” (WVDEP, n.d).  A stream's sediment load is typically 
deposited, eroded, and redeposited many times in a stream channel, especially during 
climatic variations such as flooding. Sediments are deposited throughout the length of the 
stream as bars or floodplain deposits. At the mouth of the stream, the sediments are 
usually deposited in alluvial fans or deltas (FEMA, 2010).  Although it is natural for 
streams to change shape, size, and even location, these changes may occur on an 
accelerated timeframe due to human disturbances.  
Suspended and bedload sediment changes the velocity of the stream, slowing down the 
more turbid water until it falls to the bottom forming a blanket.  Bedload sediment can 
suffocate benthic communities and bury spawning beds for fish (WVDEP, n.d).  
Sediment that continues to be suspended reduces visibility, making it difficult for sight-
feeding fish and invertebrate to feed. Aquatic insects are not only very useful 
bioindicators; they are also a major food source for fish.  If the aquatic insects cannot 
survive in areas of excessive sediment, the fish will move to a more stable location with a 
greater food source.  Mussels and benthic plant life will also suffer as they are nearly 
entirely immobile and have virtually no defense against a continuous blanket of excess 
sediment.   
The structures that have been chosen for this plan are designed to prevent a blanket of 
fine sediments from forming by flushing them from the area. If the results show less fine 
sediment within the area of the structure, then the structures can be considered a 
successful step toward stream rehabilitation.   
18 
 
Materials and Methods 
Although sediment samples were not taken and analyzed for chemical composition for 
this study, bathymetric substrate composition and depth data were taken using the copper 
pole technique, a protocol adapted from ORSANCO’s large river habitat protocol.  
Substrates were scored on a categorical scale of fines, sand, gravel, cobble, boulder, and 
bedrock.  Two sample sets were taken, one in June 2007 as a pre-installment of structures 
reference, and the other in June 2008 for comparison.  Each sample set covered over 10 
miles of stream along the Little Coal River and approximately 300 sites each set.   
Data were first transposed into MS Excel to calculate percent changes, formula ((y2 - y1) 
/ y1)*100, in both depth and substrate as follows:   
No Structure 2007 to Structure 2007 
Structure 2007 to Structure 2008 
No Structure 2007 to Structure 2008 
 
All data were compiled into an MS Access database, and ArcMap 9.3 was used to 
graphically represent the sample sites. Inverse Distance Weighting (IDW) interpolation 
was performed to create classed rasters based on the point data of substrate and depth.  
Prior to the habitat mapping in 2007, several structures were already in place.  The 
original condition of the river was estimated by removing all points near these completed 
structures for a separate analysis.  For both substrate and depth, map layers were created 
for estimated pre-and post-structures 2007 and 2008. 
The Inverse Distance Weighted analysis model in ArcMap is a method of interpolation 
that estimates cell values by averaging the values of sample data points in the 
neighborhood of each sample point cell.  The weight of the point cell is dependent upon 
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the distance from the cell being estimated.  The closer the point is to the center of the cell 
being estimated, the more weight it has on the averaging process. 
The next step is the analysis of the data.  The first part of the analysis was conducted by 
adding each table representing the substrate and depth information (No Structures June 
2007, Structures June 2007, June 2008) as xy events with UTM NAD 1983 17N 
projection, exported/imported as shapefiles, and performing the IDW analysis.  The 
layers were then masked to a polygon representing the section of the Little Coal River 
that was sampled.  The layers were then reclassed to show substrates or depths based on 
the categorical scale.  The Minus Tool within the Spatial Analyst Toolbar was used to 
calculate changes as follows: 
No Structure 2007 to Structure 2007 
Structure 2007 to Structure 2008 
No Structure 2007 to Structure 2008 
Results 
As stated before, the substrate and bathymetric data was calculated to give real number 
percentages.  The raw data were added to ArcMap 9.3 as point data.  Due to the nature of 
point data, the IDW analysis was performed to create a better visual representation of the 
underwater surface.   
Assuming the estimates for the pre-structure stream substrate are correct, there is 
significant improvement with regard to habitat alterations. Overall, the analysis indicates 
a 229% increase in gravel coverage and a 137% increase in cobble coverage have 
occurred after structure placement. Based on the results of the raw point data and the 
IDW analysis, the substrate has generally improved over the entire stretch of stream (see 
Figures 13 through 18, page 23 – 28).  Significant amounts of sand appear to have been 
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flushed from the substrate exposing gravel/cobble beds.  The depth analysis also shows 
an overall positive change toward ideal habitat environments (see Figures 19 through 21, 
page 29-31). These habitat conversions should lead to increase in biodiversity for aquatic 
species.   
Substrate Type % Composition 
Fines 6 
Sand 74 
Gravel 7 
Cobble 8 
Boulder 5 
Bedrock 0 
Table 1. Percent composition of substrate of the Little Coal River before restoration 
structure placement, estimates taken from June 2007 
 
Substrate Type % Composition % Change 
Fines 5 -16 
Sands 65 -12 
Gravel 9 29 
Cobble 9 12 
Boulder 12 140 
Bedrock 0 0 
Table 2. Percent composition of substrate of the Little Coal River after restoration 
structure placement June 2007 
 
Substrate Type Percent (%) % Change 07-08 % Overall Change 
Fines 3 -40 -50 
Sand 46 -29 -38 
Gravel 23 156 229 
Cobble 19 111 137 
Boulder 9 -25 80 
Bedrock 0 0 0 
Table 3. Percent composition of substrate of the Little Coal River after restoration 
structure placement June 2008 
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Figure 10. Estimated substrate percent composition based on data taken June 2007 
 
 
Figure 11. Substrate percent composition based on data taken June 2007 
Fines, 6, 6% 
Sand, 74, 74% 
Gravel, 7, 7% 
Cobble, 8, 8% 
Boulder, 5, 5% 
Fines
Sand
Gravel
Cobble
Boulder
Fines 
5% 
Sand 
65% 
Gravel 
9% 
Cobble 
9% 
Boulder 
12% 
Fines
Sand
Gravel
Cobble
Boulder
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Figure 12. Substrate percent composition based on data taken June 2008 
Table 4. Bathymetric Depth information 2007-2008 
Fines 
3% 
Sand 
46% 
Gravel 
23% 
Cobble 
19% 
Boulder 
9% 
Fines
Sand
Gravel
Cobble
Boulder
Change 
% Change 
2007 
Net Gain of 
>1m Depth 
(%) 
% Change 
2008 
Net Gain of 
>1m Depth % 
Deep to Shallow 2 9 9 8 
Shallow to Deep 11  17  
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Figure 13. Substrate Composition Pre Structures 2007 
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Figure 14. Substrate Composition Post Structures 2007 
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Figure 15. Substrate Composition 2008 
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Figure 16. Substrate Change between pre structure 2007 data and post structure 
2007 data 
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Figure 17. Substrate change between post structure 2007 data and 2008 data 
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Figure 18. Substrate Change between pre structure 2007 data and 2008 data 
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Figure 19. Depth data pre structure 2007 
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Figure 20. Depth data post structure 2007 
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Figure 21. Depth data 2008  
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Metals and TDS 
Chemical composition of this sediment and water is also a concern.  Typically, sediment 
load in streams is composed of silts, clays, and/or sands.  These materials are usually 
fairly harmless to the stream and aquatic community unless they are found in excess.  
What can be detrimental are the elements or compounds that can be found within these 
materials.  In the Little Coal River, high levels of iron and aluminum were found.  
Common point sources for these increased levels are upstream mining sites, valley fills, 
and reclamation and/or abandoned sites.  In 2006, there was a total of 240 mining related 
NPDES permits with 2,661 associated outlets in the Coal River Watershed.  
 Many of the streams within the watershed have increased the TDML (total daily 
maximum load) of aluminum from 87μg to 750 μg and are still considered impaired 
under the new criteria (Capacasa, 2006).  The Total Daily Maximum Load = Sum of 
WLA + Sum of LA + MOS.  In other words, it is calculated by the sum of individual 
waste load allocations (WLA) for point sources, load allocations (LA) from nonpoint and 
natural, and a margin of safety (MOS). 
TMDLs were developed for some combination of metals (dissolved aluminum, total iron, 
and total manganese) pH, selenium, fecal coliform bacteria, and biological impairments”  
(Capacasa, 2006).  However, only the Little Marsh Fork and Brushy Fork streams are 
considered impaired relative to manganese.  Brushy Fork is within the southwestern part 
of the Little Coal River watershed.  Due to location and distance, there would most likely 
not be any significant amount of manganese entering the Little Coal River itself from 
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Brush Fork.  Little Marsh Fork is within the Big Coal River watershed and again would 
most likely not disburse any significant amounts within the Coal River watershed.   
With regard to selenium, the primary sources are assumed to be point source from mining 
activities.  Mines, both underground and mountain top strip mines, are commonly found 
within southern West Virginia.  Although these mines have significantly affected the 
watershed with aluminum and iron, selenium has not been found to be a substantial issue 
due to the heaviness of the metal causing it to drop from suspended status very early and 
near the point source.  The lack of concern with selenium at present does not mean that it 
will not become more of an issue in the future, but at this point the aluminum and iron 
have been deemed more cause for concern by the WVDEP.   
Both iron and aluminum can have detrimental effects on streams and aquatic life.  Both 
are heavy metals and associated with acidic environments.  “Heavy metals are generally 
less toxic at circumneutral pH” (Earle & Callaghan, 2011).  However, it is generally 
found an increase of types of metals decreases the tolerances of the fish and benthos.  Of 
the major metals present in mine drainage, aluminum has the most severe negative impact 
on stream aquatic life.  “The addition of aluminum ions compounds the effect of low pH 
by interacting with hydrogen ions, further decreasing sodium uptake, and increasing 
sodium loss in blood and tissues” (Earle & Callaghan, 2011).  The presence of calcium in 
the stream can reduce the effect of aluminum, but streams that are normally affected by 
aluminum rarely have natural calcium deposits large enough to offset the negative 
impact.   
Iron is also a common metal found in mine drainage.  Because iron can form precipitates 
at a lower pH than aluminum and can be present in streams with pH less than 4.5, 
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separating the effects of iron from the effect of low pH is difficult (Earle & Callaghan, 
2011).  Although it appears to be less chemically toxic than aluminum, the precipitate can 
blanket a stream bottom or coat the gills of fish and benthos, depleting oxygen levels and 
reducing quality of life. 
The pH is a measure of hydrogen ion activity in water on a logarithmic scale of 0 to 14 
with 7 being neutral.  The pH of water determines solubility and biological availability of 
nutrients and heavy metals.  Typically, the ideal range of pH is 6.0 to 9.0 for the majority 
of aquatic life to be protected within streams.  Measurements outside of an organism’s 
preferred range can limit growth and reproduction.  Heavy metals generally correlate 
with pH in that the lower the pH, the more toxic the heavy metal becomes.  For the 
purpose of this study, pH samples have been measured.   
 Another water quality measurement that is a good indicator for sediment is specific 
conductance.  Specific conductance is a numerical expression (microSiemens (μS)/cm) of 
the ability of water to carry an electrical current at 25˚ C and a measure of free ion 
content in the water.  Specific conductance has been found to be a good measure of the 
concentration of total dissolved solids and salinity.  Explicitly, SC can be used to indicate 
the presence of chlorides, nitrates, sulfates, phosphates, sodium, magnesium, calcium, 
iron, and aluminum ions (New Hampshire Volunteer River Assessment Group, 2011).  
Specific conductance correlates with dissolved constituents in that the higher the 
concentration of dissolved constituents, the higher the conductance reading.  However, 
due to differences in geology of watersheds, specific conductance measurements vary 
greatly from system to system.  Baselines for this measurement may have to be calculated 
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on a per-stream basis.  For the purposes of this study, specific conductance sample data 
were obtained and analyzed. 
GIS analysis of remotely sensed data will indicate possible point sources for excess 
sediment that may be contributing not only excess sediment in general, but also the 
sediment carrying heavy metals.  This analysis can be used for future studies and possible 
addendums of a more preventative approach to the rehabilitation project.  
Materials and Methods 
A YSI 6000 series data sonde was placed downstream of all improvement structures in 
the Little Coal River.  This unit is capable of collecting several readings per day 
regarding temperature, specific conductance, dissolved oxygen, pH, pH/mV, and 
turbidity.  The YSI collected data on the Little Coal River several times per day 
September 6-10, 2007 and September 19-October 13, 2008.  These data were then 
averaged per day and analyzed, specifically the pH and specific conductance.   
Landsat TM and ETM+ images were also used for temporal comparative analysis in 
severe land disturbances between 1987 and 2007.  Visual analysis was originally 
conducted on Landsat5 TM Path 18 Row 34 taken 6/6/1987, 30m resolution, and ETM+ 
image Path 18 Row 34 taken 3/4/2007, 30m resolution, natural color, for the areas in or 
intersecting a 500 ft buffer of the entire Coal River Watershed, and then specifically the 
Little Coal River and upstream tributaries from the sample sites.  The distance of 500 feet 
was chosen to represent the distance area disturbances are most likely to affect a stream.   
Using ArcMap Spatial Analysis Multivariate Tools, an unsupervised classification 
analysis was performed on band combination 2,4,7 using Iso Cluster model and 
36 
 
Maximum Likelihood Classification tool to classify land cover.  This tool is a cluster 
analysis that groups pixels with similar reflectance patterns together into spectral classes 
at the natural breaks for grouping.   
The Iso Cluster model uses an isodata clustering algorithm to find natural clusters of cells 
and stores the results in a signature file.  The result of the Iso Cluster analysis is then used 
as an input for the Maximum Likelihood Classification tool.  The MLC is an algorithm 
based on Bayes’ theory of decision making  by comparing the combination of multiband 
raster values for a given cell against the classes defined in the signature file (in this case, 
the result of the Iso Cluster analysis) and assigns the cell to the class that it most probably 
belongs (ESRI, 2011).   
Shapefiles were then made in Arcmap based on visual analysis and unsupervised 
classification of the Landsat imagery.  Urban and suburban polygon areas were then 
deleted from the severely disturbed land shapefile to determine locations of possible coal 
mines and other disturbed land sites that may possibly be contributing to the excess of 
aluminum and iron within in the watershed.  Area of these shapefiles was then calculated 
using the geometry calculator found within ArcMap in square miles, projected UTM 
NAD1983 coordinate system.   
Results 
The recorded and averaged pH was found to be within normal range with no significant 
changes in either 2007 or 2008 data.  The steadiness and range of this pH is typical of a 
stream of this capacity and sediment load.   
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Figure 22. 2007 Averaged daily pH based on YSI readings 
 
Figure 23. 2008 Averaged daily pH based on YSI readings 
The recorded and averaged specific conductance for the most part was shown to be 
typical of streams of this flow and sediment load, overall an elevated reading but not 
unexpected results.  However, in 2008, there was a negative and positive spike for 
unknown reasons, which may be due to a one-time event within the river or a malfunction 
of the YSI unit.  The before and after readings show a somewhat steady elevated reading 
and may be considered an outlier in the data.  Due to the unknown reason for these 
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spikes, the data were kept in the analysis for possible future reference within the 
continued study.   
 
Figure 24. 2007 Averaged daily Specific Conductance based on YSI readings 
 
Figure 25. 2008 Averaged daily Specific Conductance based on YSI readings 
 
Landsat Imagery Results  
The Landsat Imagery that Maximum Likelihood Classification was performed on was 
first masked to an area encompassing the Coal River watershed.  The classifications were 
then listed as Severely Disturbed on Undisturbed to simplify land cover.  Calculations 
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were then performed regarding pixel count.  In 1987, a total of 4,122,847 pixels was used 
for these calculations.  The classified severely disturbed land contained a total of 16,709 
pixels at approximately 0.4% overall (Figure 26, page 41).  The 2007 image contained a 
total of 3,808,622 pixels used for analysis.  The classified severely disturbed land 
consisted of 222,710 pixels at approximately 6% of the total coverage (Figure 27, page 
42).  This analysis shows an overall increase of approximately 5% of severely disturbed 
land within the watershed area in a 20 year time span.  
The total area of the polygons drawn to represent the severely disturbed land in June 
1987 that were either in or intersected a 500 ft buffer of the entire Coal River Watershed 
equals approximately 24.9 square miles and consists of 15 significant severely disturbed 
land areas (Figure 28, page 43).  The largest is the Hobet 21 mine site currently owned by 
Patriot Coal.  It is located in Boone County and is 6.7 square miles in area (Figure 32, 
page 47).   
The total area of the polygons for June 1987 that were either in or intersected a 500ft 
buffer of the Little Coal River and tributaries equals approximately 15.6 square miles and 
7 significant severely disturbed land areas (Figure 30, page 45).  The largest is again the 
Hobet 21 mine site located in Boone County at 6.7 square miles. 
The total area of the polygons drawn to represent the severely disturbed land in March 
2007 that were either in or intersected a 500 ft buffer of the entire Coal River Watershed 
equals approximately 110 square miles and consists of 34 significant severely disturbed 
land areas (Figure 29, page 44).  The largest is the Kayford Mountain mine site now 
owned by Alpha Resources (Figures 34, 35, page 48).  It is located in Boone, Kanawha, 
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and Raleigh counties and is 20.3 square miles in area.  By comparison, the Kayford 
Mountain mine site was not shown on the 1987 image as a severely disturbed site. 
The total area of the polygons for March 2007 that were either in or intersected a 500ft 
buffer of the Little Coal River and tributaries equals approximately 64.2 square miles and 
19 significant severely disturbed land areas (Figure 31, page 46).  The largest is again the 
Hobet 21 mine site owned by Patriot Coal and has grown from 6.7 square miles in 1987 
to 20.2 square miles in 2007 and now covers portions of both Boone and Lincoln counties 
(Figure 32, 33, page 47). It directly affects 9 stream segments, namely Adkins Fork, 3 
segments of Big Horse Creek, Brag Fork, Little Horse Creek, Slippery Gut Branch, and 2 
unnamed tributaries.  The closest point of this mine site is the oldest portion of the site 
which is only 0.6 miles from the Little Coal River itself and is upstream from the 
improvement structure sites discussed in this study.  However, the closest severely 
disturbed land site polygon to the improvement structures is a disturbance along the 
borders of Lincoln and Boone counties with an area of approximately 1.5 square miles.  
This site is approximately 0.2 miles from the Little Coal River and also directly affects 
Big Horse Creek.  By comparison, this site was not shown on the 1987 image as a 
severely disturbed site.  
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Figure 26. Unsupervised classification of 1987 Severely Disturbed Land, Landsat 5 
Image, Path 18, Row 34 
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Figure 27. Unsupervised classification of 2007 Severely Disturbed Land, Landsat 7 
Image, Path 18, Row 34 
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Figure 28. 1987 Severe Land Disturbances polygons within Watershed Stream 
Buffer 
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Figure 29. 2007 Severe Land Disturbances polygons within Watershed Stream 
Buffer 
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Figure 30. 1987 Severe Land Disturbances polygons within Little Coal River 
Watershed Stream Buffer 
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Figure 31. 2007 Severe Land Disturbances polygons within Little Coal River 
Watershed Stream Buffer 
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Figure 32. Hobet 21 mine 1987 
 
Figure 33. Hobet 21 mine 2007 
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Figure 34. Kayford mine 1987 
 
Figure 35. Kayford mine 2007 
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Fecal Coliform Bacteria 
Coliform bacteria are a type of bacteria that is commonly used as an indicator for sanitary 
quality of food and water.  Although the presence of coliforms themselves is not cause 
for alarm, they are used to indicate possible fecal contamination.  Escherichia coli (more 
commonly known as E. coli) is as fecal coliform bacteria, most commonly found in the 
intestines of mammals.  It enters into the water system from livestock, humans and 
wildlife.  During rainfalls, snow melts, or other types of precipitation, E. coli may be 
washed into creeks, rivers, streams, lakes, or ground water.  However, according to a 
recent study performed by Agriculture Research Service, “Lab studies indicated that the 
[E. coli] survived much longer in the sediments than in the water and that they lived 
longer when levels of organic carbon and fine sediment particles were higher.  They also 
found that when organic carbon levels were higher, water temperatures were less likely to 
affect survival rates and can even overwinter in the sediment” (Perry, 2011).  When these 
waters are used as sources of drinking water and the water is either not treated or 
inadequately treated, E. coli can enter in drinking water.  Consumption of E. coli can 
result in illness, such as gastrointestinal complications, and even death (Parajuli, Mankin, 
& Barnes, 2009).  Many strands of E. coli are harmless, but there is more than one 
potentially fatal strand that can easily contaminate the water system (EPA, 2006).  The 
presence of these bacteria is usually never singular, and more than one type of harmful 
bacteria will be found within the same sample, which can be a factor in cleanup and 
treatment considerations.  However, tracking the source of these bacteria can be difficult 
and hinder possible cleanups and treatments.  
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In an article regarding a study in Texas, it was stated, “In 2006, bacterial pathogens were 
the leading cause of water quality concerns in the U.S” (Teague, Karthikeyan, Babbar-
Sebens, Srinivasan, & Persyn, 2009).  The Little Coal is no exception.  Although fecal 
coliform bacteria are found within healthy systems, the Little Coal watershed has been 
found to have excessive levels according to the WVDEP.  These levels of E. coli are 
cause for concern for the health of the aquatic habitat.  Finding the source of this bacteria 
pollution is crucial in treatment and improvement of the overall health of the watershed. 
Materials and Methods 
Water samples were collected from both the mainstem (47 samples) and tributaries (34 
samples) along the entire Coal River watershed on October 25, 2008.  These samples 
were prepped and processed using the IDEXX Colilert system in conjunction with 
Quanti-Tray/2000 MPN trays.  After a 24-hour incubation period, the samples were then 
analyzed for an estimated coliform concentration based on the Colilert Most Probable 
Number system.   
The analyzed sample data were then transposed into MS Excel along with the sample 
GPS site information and added into ArcMap 9.3 as x y data layers, divided by tributary 
and mainstem site locations.  This information was displayed in graduated colors based 
on coliform concentrations.  A population density layer based on the US Census 2000 
was then added to the map and displayed in graduated colors based on total population 
per area and visually compared to the coliform layers for a possible correlation.   
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For further analysis, aerial photographs and a 500 ft buffer around the watershed were 
added to the base map.  A point layer was then created to manually count man-made 
structures (houses, buildings, etc.) within the 500 ft buffer.  Analysis was performed on 
the total Coal River watershed and then specifically the Little Coal River watershed.  The 
Point Density tool was used to determine density of man-made structure points within the 
500 ft buffer.  The resulting rasters were displayed in stretched symbology.  These layers 
were then used to determine visually a possible correlation between the coliform 
concentrations with a more watershed specific population density.   
Spatial Autocorrelation analysis was performed using Moran’s I and High/Low 
Clustering tools for both mainstem and tributary layers on both the Coal River watershed 
and specifically the Little Coal River watershed. These tools were used due to the 
consideration of location and values within the analysis, to determine if a certain 
geographic area would show a pattern in similar E. coli concentrations.   
The High/Low Clustering tool measures how concentrated the high or low values are for 
a given study area.  The results of the analysis are interpreted within the context of a null 
hypothesis or the general idea that there is no spatial clustering of the values.  When the 
absolute value of the Z score is large and the p-value (a numerical approximation of the 
area under the curve for known distribution, limited by the test statistic) is small, the null 
hypothesis can be rejected.  For this particular study, the E. coli concentrations were used 
as the input field.   
The Moran’s I tool measures spatial autocorrelation (feature similarity) based on both 
feature location and feature values simultaneously. Given a set of features and an 
associated attribute, it evaluates whether the pattern expressed is clustered, dispersed, or 
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random.  The tool calculates the Moran’s I Index value and both a Z score and p-value 
evaluating the significance of that index.  In general, a Moran’s Index value near +1.0 
indicates clustering while an index value near -1.0 indicates dispersion. For this particular 
study, the E. coli concentrations were chosen as the associated attribute. 
Cluster and outlier analysis using the Anselin local Moran’s I was then performed on the 
Coal River Tributary E. coli concentrations based on the results of the Moran’s I and 
High/Low Cluster analysis.  This is a tool that checks z-scores with pattern analysis to 
determine the probability that spatial clustering is not due to random chance.   
Results 
Analysis of the entire watershed’s mainstem samples showed a range of 980 to 3,000 
colony forming units (cfu)/100 mL in total coliforms.  However, 38 of the 47 samples 
(81%) read 3,000 cfu/ 100 mL.  With regard to the tributary samples, the range was 1,414 
to 3,000 cfu/100 mL in total coliforms and 31 of 34 samples (91%) read at the maximum 
of 3,000 cfu/100 mL.   
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Figure 36. Histogram of Coal River Watershed Mainstem Total Coliform  
 
Figure 37. Histogram of Coal River Watershed Tributary Total Coliform 
 
Analysis of the entire watershed’s mainstream E. coli samples had a range of 30 to 3,000 
cfu/100 mL.  The E. coli sample range was distributed more evenly than the total 
coliform range and has a mean of 562 cfu/100 mL.  With regard to the tributary samples, 
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the range was 12 to 3,000 cfu/100 mL, but with a much higher mean at 1,516 cfu/100 
mL. 
 
Figure 38. Histogram of Coal River Watershed Mainstem E. coli 
 
Figure 39. Histogram of Coal River watershed tributary E. coli 
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Water samples for the Little Coal watershed consists of 20 mainstem and 11 tributary.  
The range for the total coliform mainstem samples ranged between 1,986 and 3,000 
cfu/100 mL with 75% of them reading 3,000 cfu/100 mL.  The tributary samples had a 
total coliform range between 1,986 and 3,000 cfu/100 mL with a total of 91% reading the 
maximum 3,000 cfu/100 mL.   
 
Figure 40. Histogram of Little Coal River Mainstem Total Coliform 
 
Figure 41. Histogram of Little Coal River Tributary Total Coliform 
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The E. coli readings for the mainstem Little Coal range between 79 and 1,733 cfu/100 
mL.  These were distributed more evenly than the total coliform and have a mean of 460 
cfu/100 mL.  The tributary E. coli readings range from 12 to 3,000 cfu/100 mL and again 
have a more even distribution than the total coliform, with mean of 1,267 cfu/100 mL.   
 
Figure 42. Histogram of Little Coal River Mainstem E. coli 
 
Figure 43. Histogram of Little Coal River Tributary E. coli 
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Because the majority of the results of the total coliform concentrations were reading at 
maximum levels, no further analysis of the total coliforms was conducted.  The extremely 
high coliform concentrations may be due to the rain event during the time of sample 
collection.  The rain event may have also elevated the E. coli concentrations.   
The result of the visual analysis of comparing the Coal River watershed mainstem data to 
the population density shows no initial correlation between E. coli concentrations and 
general population based on the US census data (Figure 44, page 60), or watershed 
specific population based on the point density analysis (Figure 46, page 62).  However, 
there appears to be a possible slight correlation between high density watershed specific 
population and the Coal River watershed tributary E. coli high concentrations and a slight 
correlation in low E. coli concentrations and low watershed specific population density 
(Figure 47, page 63). This visual correlation may be a false correlation due to the 
locational distribution of the samples themselves.   
The result of the visual analysis of comparing the Little Coal River watershed mainstem 
to the watershed specific population appears to have virtually the same outcome as the 
analysis of the Coal River watershed in which no apparent correlation is made (Figure 48, 
page 64).  Again however, when comparing the tributary data to the watershed specific 
population density, a possible correlation can be made between high population and high 
E. coli concentration, and low population and low E. coli concentrations (Figure 49, page 
65).  Although this may be a false visual correlation due to the locational distribution of 
the samples themselves, initial analysis shows a stronger correlation than the one found in 
Coal River analysis.  More evenly distributed samples may need to be taken for a more 
conclusive correlation.  
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The results of the High/Low Cluster and Moran’s I spatial autocorrelation analyses are 
shown in the tables below.  
Data Set G Index Z-score High/Low Clustering 
Coal 
Mainstem 
0 -0.33 No apparent clustering is detected at this scale. 
Coal 
Tributary 
0 2.61 There is less than 1% likelihood that the clustering 
of high values could be the result of random chance 
Little 
Coal 
Mainstem 
0 -0.33 No apparent clustering is detected at this scale.  
Little 
Coal 
Tributary 
0 -0.65 No apparent clustering is detected at this scale.  
Table 5. High/Low Cluster analysis results of E. coli 
Data Set Moran’s I Z-score Comment 
Coal 
Mainstem 
-0.43 -0.49 Pattern neither clustered or dispersed. 
Coal 
Tributary 
0.77 2.29 There is less than 5% likelihood that this 
cluster pattern is the result of random chance. 
Little Coal 
Mainstem 
-0.81 -0.88 Pattern is neither clustered or dispersed. 
Little Coal 
Tributary 
-0.06 0.15 Pattern is neither clustered or dispersed. 
Table 6. Moran’s I analysis results of E. coli 
The Coal Tributary E. coli concentrations shows a strong high value cluster, while there 
is no clustering detected in any other dataset with the High/Low Cluster analysis.  This 
particular method was used due to the consideration of E. coli concentrations with 
location of the sample sites.  The Moran’s I analysis also shows a strong cluster of 
similarity in E. coli attributes with no other patterns found.   
Combining the information from both of these analysis tools is very useful information 
because it indicates there is no correlation between geographic location and E. coli 
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concentrations, with the exception of Coal Tributary E. coli.  This outcome was not as 
predicted, as an assumption would be that a general location containing several sample 
sites would have similar E. coli concentrations in both the mainstem and tributary data 
sets.  However, this does not seem to be the case.  This unexpected outcome may be due 
to the number of samples used for analysis, as at least 30 samples per data set is 
recommended for reliable results and neither of the Little Coal watershed samples met 
the recommendation.   
For further testing of the Coal River watershed tributary E. coli, the Anselin local 
Moran’s I analysis was performed.  The results of this analysis provide what is called an 
LMi Z score that indicates features that are part of a cluster (positive values) and features 
that are spatial outliers (negative values).  The High/Low Cluster analysis showed only a 
high value cluster and the results of the Anselin test shows a statistically significant 
cluster of high values (as shown in Figure 50, page 66).  The interpretation of this 
significance is that there is a hotspot area of possible point and or non-point source for 
fecal coliform within the stream.  In conjunction with visual comparison between the 
hotspot clustering and watershed specific population density, a correlation can be found 
between specific high population areas and high E. coli concentrations.   
These areas may need further testing because of the potentially skewed results due to the 
relative closeness of  the tributary samples taken to the mainstem samples, and /or 
possibly due to the rain event.  However, because rain is a common naturally occurring 
event, these hotspot areas may represent significant areas to be considered for possible 
wastewater treatment alterations to meet the TDML standards of the watershed.   
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Figure 44. Coal River Watershed Mainstem E. coli and Total Population 
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Figure 45. Coal River Watershed Tributary E. coli and Total Population 
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Figure 46. Coal River Watershed Mainstem E. coli and Watershed Specific 
Population 
63 
 
 
Figure 47. Coal River Watershed Tributary E. coli and Watershed Specific 
Population 
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Figure 48. Little Coal River Watershed Mainstem E. coli and Watershed Specific 
Population 
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Figure 49. Little Coal River Watershed Tributary E. coli and Watershed Specific 
Population 
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Figure 50. Coal River Watershed Tributary E. coli Anselin local Moran’s I Analysis 
and Watershed Specific Visual Analysis
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Biological Assessment of Benthic Macroinvertebrates 
The Little Coal River has approximately 282 tributary segments, adding up to a little over 
450 miles of stream not including the Little Coal River itself.  Although Marshall 
University has taken samples regarding other monitoring aspects from the entire 
watershed, the benthic macroinvertebrate samples were taken from a 4 mile stretch of the 
Little Coal.  There are 15 sample sites categorized into 10 improvement structures and 5 
random sample reference sites.   
Benthic macroinvertebrates are arguably the most important samples to analyze within a 
stream.  Fish, algae, protozoans, and other groups of organisms have and will continue to 
be used for bioassessment, but benthic macroinvertebrates are the most frequently used. 
Reasons for common use of benthic macroinvertebrates are because:  
1. They are ubiquitous and, consequently, are affected by perturbations in 
many different aquatic habitats 
2. The large number of species exhibit a range of responses to environmental 
stress 
3. Their sedentary nature, relative to other aquatic organisms such as fish, 
permits effective determination of the spatial extent of perturbations 
4. Their long life cycles, relative to most other groups of organisms, allow 
temporal changes in characteristics such as abundance and age structure to 
be examined.  
(Rosenberg, Resh, & King, 2008) 
 
However, benthic macroinvertebrates are not infallible.  Some considerations are: 
1. They do not respond directly to all types of impacts, such as herbicides 
(Hawkes, 1979) 
2. Their distribution and abundance can be affected by factors other than 
water quality 
3. Their abundance and distribution vary seasonally 
4. Dispersal abilities may carry aquatic insects into and out of areas in which 
they normally do not occur. 
(Rosenberg, Resh, & King, 2008) 
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Biotic indices, taxa richness, and diversity indices are all considered within this study.  
According to Rosenberg, et al,2008, biotic index is defined as classifying the degree of 
pollution by determining the tolerance or sensitivity of taxonomically homogeneous 
organisms or several groups of indicator organisms.  Organic enrichment / eutrophication 
are classically associated with the family Chironomidae.    
Chironomids, or non-biting midges, are in the order Diptera.  There are approximately 
700 species in North America.  Larval stages can be found in almost any aquatic habitat, 
but are found in abundance in polluted waters due to their adaption of virtually anoxic 
conditions and a diet that can consist of bacteria found in fecal material.   
The more sensitive aquatic insects generally include the orders Ephemeroptera, 
Plecoptera, and Trichoptera.  Although species within each of these orders have varying 
degrees of sensitivity, Plecoptera are generally known to be more sensitive to habitat 
conditions, such as nitrogen and phosphorus levels along with other variables (Zhao, Cao, 
Zhang, Wang, & Cai, 2009).  Biotic indices, such as the Hilsenhoff Biotic Index (HBI) 
with the added mean tolerance value tends to weigh the finding of several Plecoptera 
more heavily within the score since a stonefly will likely live in a less to non-polluted 
stream.      
EPT/chironomid ratios are a popular community level metric used in biomonitoring 
(Hershey & Lamberti, 2001).  This ratio is a simple way to determine the quality of 
habitat within the stream and be provided with “an overall picture regarding 
macroinvertebrate communities with the EPT:chironomid ratio metric,” albeit nowhere 
near encompassing all matrices involved for a full analysis of habitat (Rife & Moody, 
2004).  The WVSCI score is a more in depth calculation to determine the health of the 
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stream.  According to the WVDEP, the WVSCI is patterned after the Rapid 
Bioassessment Protocols of the EPA.  In general, the EPA Rapid Bioassessment 
Protocols are cost-effective and allow for regional modifications.  They were developed 
in the mid 1980s as a standard guideline for aquatic biological surveys.  These protocols 
were developed in two phases.  The first phase is in regard to the benthic 
macroinvertebrate protocols, while the second “involved the addition of analogous 
protocols pertinent to the assessment of fish assemblages” (United States Environmental 
Protection Agency, 2011).  
The West Virginia Stream Condition Index (WVSCI) consists of six benthic community 
metrics combined into a single multimetric index. The WVSCI was developed by Tetra 
Tech Inc. (2000) using DEP and EPA data collected from riffle habitats in wadeable 
streams (WVDEP, 2011). 
In general terms, all metric values were converted to a standard 0 (worst) to 100 (best) 
point scale. The six standardized metric scores were then averaged for each benthic 
sample site to come up with a final index score ranging from 0.0 to 100.0. Using the 
distribution of scores from all sites that are considered reference sites, an impairment 
threshold of 68.0 was established. If a stream site received a WVSCI score greater than 
68.0, it was considered to be unimpaired (WVDEP, 2011). 
As found in a study conducted on the Lost River Watershed along Corridor H in West 
Virginia, disturbances due to construction and human population can cause changes in 
the EPT:C ratio.  According to the 10-year study, the chironomidae percentage spike and 
the EPT percentage drop was correlated to the disturbances of habitat directly related to 
human population and construction on and near the watershed (Hedrick, Welsh, 
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Anderson, Lin, & Chen, 2010).  As stated before, in the Little Coal River study 
conclusions based on previous studies have implied excessive fine sediment and bacteria 
overloads, along with instability in water chemistry, are all contributing factors to the 
current situation regarding the benthic community.  These factors can be attributed to 
construction along the river and tributaries, coal mining process and waste in or near the 
tributaries, and fecal contamination in or near the river and tributaries.  All of these 
factors can be directly related to human population and human disturbance.   
If the habitat has improved, then the benthic macroinvertebrates should score higher in 
the WVSCI as time passes.   
Materials and Methods 
The locations of the benthic macroinvertebrate sample sites were recorded onsite with a 
handheld gps unit and uploaded into ArcMap 9.3 and layered onto base maps.  The sites 
were labeled as found in Table 7.   
Site ID Structure Type 
IP123 J-Hook 
IP127 Cross Vane 
IP 128 Cross Vane 
IP132 J-Hook 
IP135 J-Hook 
IP137 Cross Vane 
IP145 Boulder 
IP147 Cross Vane 
IP148 Cross Vane 
IPXX Boulder 
RAND1 No Structure 
RAND2 No Structure 
RAND3 No Structure 
RAND4 No Structure 
RAND5 No Structure 
Table 7. Site Names and Structure Types 
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A sample was taken in the spring of 2007 as a baseline before the structures were put into 
place.  Samples were again taken in the fall of 2007, spring 2008 and lastly fall of 2008.  
The samples were then picked using the grid 200-count method and again preserved for 
identification.  Identification of samples was completed by various identifiers in the 
Marshall University Aquatics Lab.  This information was then used for analysis of the 
habitat and water quality.   
The data sheets from the sample identification were then transposed into a complex MS 
Access database for several biological evaluation matrix indices, including the HBI and 
WVSCI calculations.  These databases, however, were not originally set up for spatial 
analysis.  Therefore, a new database was created with the specific information needed to 
transpose visually in ArcMap.   
The next step is analysis of the data.  The first part of the analysis was conducted by 
adding each table representing the WVSCI scores (Spring 2007, Fall 2007, Spring 2008, 
Fall 2008, 2007 Average, and 2008 Average) as xy events with UTM NAD 1983 17N 
projection, exported as shapefiles, separated into graduated symbols with manual breaks 
according to the WVSCI guideline breaks, and visually inspected for any changes by 
layering any two data sets and using the Swipe Layer and Flash effects in ArcMap.  The 
WVSCI scores can be seen in Table 8.    
After all the data has been calculated using the WVSCI calculations method, a score is 
given of Severely Impaired, Moderately Impaired, Slightly Impaired, or Unimpaired-
Good.  This was done by classifying the scores.   
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0-22       Severely Impaired 
22.1-45  Moderately Impaired 
45.1-68  Slightly Impaired 
>68        Unimpaired-Good 
* In this study, where there is not a score given, the data were not available to calculate a 
score. 
After visual inspection of the initial data sets in raw format, percent changes were 
calculated and added as separate shapefiles for visual analysis.  The raw data were then 
used to run High/Low Clustering and Moran’s I analysis found within the Arc Toolbox.  
These were used due to the consideration of location and values within the analysis, to 
determine if a certain geographic area would show a pattern in similar WVSCI scores, 
regardless of structure type. 
The High/Low Clustering tool measures how concentrated the high or low values are for 
a given study area.  The results of the analysis are interpreted within the context of a null 
hypothesis, or the general idea that there is no spatial clustering of the values.  When the 
absolute value of the Z score is large and the p-value (a numerical approximation of the 
area under the curve for known distribution, limited by the test statistic) is small, the null 
hypothesis can be rejected.  For this particular study, the WVSCI scores were used as the 
input field.   
The Moran’s I tool measures spatial autocorrelation (feature similarity) based on both 
feature location and feature values simultaneously. Given a set of features and an 
associated attribute, it evaluates whether the pattern expressed is clustered, dispersed, or 
random.  The tool calculates the Moran’s I Index value and both a Z score and p-value 
evaluating the significance of that index.  In general, a Moran’s Index value near +1.0 
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indicates clustering whereas an index value near -1.0 indicates dispersion. For this 
particular study, the WVSCI scores were chosen as the associated attribute.  
The last analysis tool used was the Ordinary Least Squares tool found within the Arc 
Toolbox.  First the structure types were given a number to group them together (ex: all 
Cross Vanes were grouped, J-Hooks were grouped, etc.) and the analysis tool was run.  
This tool was used to determine if any one structure type contains a pattern of similar 
WVSCI scores.  The Ordinary Least Squares shapefiles and coefficient and diagnostic 
tables were then added to the map project for interpretation.   
Ordinary Least Squares is a regression analysis tool within spatial statistics.  It is used to 
evaluate relationships between two or more feature attributes.  In the model, there is a 
dependent variable and explanatory variables.  In this study, OLS was used to determine 
if the WVSCI score was dependent upon the type of structure.   Ordinary Least Squares 
model processes quite a few statistics, but this study will focus on the Joint F-Probability 
(p-value).  Joint F-Probability (p-value) within this model is defined as the probability 
that none of the explanatory variables have an effect on the dependent variable.  
Because the purpose of the overall Little Coal Improvement Project is to improve the 
habitat for benthic macroinvertebrates and fish, there is a hypothesis that the structures 
put in place will show improvement over time, and analysis of these samples will 
coincide with this improvement.  Therefore, a series of map layers has been made to 
show changes and whether these changes are positive or negative thus far. Because there 
are only 2 years, a total of 4 sample sets, these positive or negative changes are not 
conclusive as a projected monitoring time period is 10 years of 20 sample sets.   
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However, in the analysis for the purpose of this study, the WVSCI scores are a pivotal 
factor for all analysis involved.  
Results 
As stated before, after the calculations for the WVSCI scores were completed, a visual 
analysis was conducted for any overall patterns by layering any two shapefiles and using 
the Swipe Layer and/or Flash Layer effect.  This  method was very effective in visually 
deciphering changes per location between data sets.  For maps, see Figures 51 through 
56, pages 83-88. 
Site ID 
Spring 
2007 Fall 2007 
Average 
2007 
Spring 
2008 Fall 2008 
Average 
2008 
IP123 42.22 35.30 38.76 53.63 45.62 49.63 
IP127 51.28 52.09 51.69 35.36 36.33 35.85 
IP128 64.86 54.10 59.48 52.83 63.11 57.97 
IP132 56.48 56.30 56.39 49.95 38.43 44.19 
IP135 60.97 63.97 62.47 37.46 46.57 42.02 
IP137  59.28 59.28 53.62 62.84 58.23 
IP145 60.65 54.72 57.70 31.49 26.68 29.09 
IP147 59.43 66.36 62.90 29.93 37.81 33.87 
IP148  26.63 26.63  39.00 39.00 
IPXX    45.75 29.42 37.59 
RAND1 9.78 43.26 26.52 74.27 31.39 52.83 
RAND2 37.19 64.58 50.89 25.56 46.35 35.96 
RAND3 46.53 36.91 41.72 55.20 26.73 40.97 
RAND4 18.04 49.50 33.77 52.97 51.49 52.23 
RAND5 49.59 68.47 59.03 24.40 65.41 44.91 
Table 8. WVSCI Scores for all Sites based on available information 
* Cells left blank intentionally due to unusable or missing samples 
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For full scoring, please see Tables 13-16, pages 79-82. 
After visually comparing each raw data set, the field calculator was used to calculate a 
percentage change between each data set.  An extra data set was created to combine and 
average the WVSCI scores by year to compare year 2007 to changes in WVSCI scores in 
year 2008 (Figures 57 through 63, pages 89-95).  This method was shown as the most 
effective way to compare the data and determine overall patterns as to the stream as a 
whole.  These percent change relations of each data set are as follows: 
Spring 2007-Fall 2007 
Spring 2007-Spring 2008 
Spring 2007-Fall 2008 
Fall 2007-Spring 2008 
Fall 2007-Fall 2008 
Spring 2008-Fall 2008 
Average 2007-Average 2008 
Table 9. Percent Change Field Calculator Calculations 
Sample ID S07-F07 S07-S08 S07-F08 F07-S08 F07-F08 S08-F08 A07-A08 
IP123 (-)16.4 (+)27.0 (+)8.1 (+)51.93 (+)29.3 (-)14.9 (+)28.0 
IP127 (+)1.6 (-)31.0 (-)29.2 (-)32.1 (-)30.3 (+)2.7 (-)30.6 
IP128 (-)16.6 (-)18.5 (-)2.7 (-)2.3 (+)16.7 (+)19.5 (-)2.5 
IP132 (-)0.3 (-)11.6 (-)32.0 (-)11.3 (-)31.7 (-)23.0 (-)21.6 
IP135 (+)4.9 (-)38.6 (-)23.6 (-)41.4 (-)27.2 (+)24.3 (-)32.7 
IP137    (-)9.5 (+)6.0 (+)17.2 (-)1.8 
IP145 (-)9.8 (-)48.1 (-)56.0 (-)42.5 (-)51.2 (-)15.3 (-)49.6 
IP147 (+)11.7 (-)49.6 (-)36.4 (-)54.9 (-)43.0 (+)26.3 (-)46.1 
IP148     (+)46.5  (+)46.5 
IPXX      (-)35.7  
RAND1 (+)342 (+)659.0 (+)221.0 (+)71.7 (-)27.4 (-)57.7 (+)99.2 
RAND2 (+)73.6 (-)31.3 (+)24.6 (-)60.4 (-)28.2 (+)81.3 (-)29.3 
RAND3 (-)20.7 (+)18.6 (-)42.6 (+)49.6 (-)27.6 (-)51.6 (-)1.8 
RAND4 (+)174.4 (+)193.6 (+)185.4 (+)7.0 (+)4.0 (-)2.8 (+)54.7 
RAND5 (+)38.1 (-)50.8 (+)31.9 (-)64.4 (-)4.5 (+)168.1 (-)23.9 
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 Other analysis tools were used to determine any other patterns found within the data.  
The first of these was the High/Low Clustering tool found within Arc in which no 
clustering was found in any of the Benthic Macroinvertebrate sample data sets.  This 
particular method was used due to the consideration of value (WVSCI Score) with 
location of the sample site.  Another method used was the Moran’s I tool, also found 
within Arc, in which the no pattern was found.  Anselin local Moran’s I analysis was 
performed for the Fall 2008 score, but no significant findings were found, as the possible 
cluster was shown to be due to random chance (Figure 65, page 97).  The scores and 
comments are shown below in Tables 10 and 11 respectively. 
Table 10. High/Low Cluster Analysis Results 
Data Set Morans I Z Score Comment 
Spring 07 -0.17 -0.38 The pattern is neither clustered nor dispersed 
Fall 07 -0.15 -0.44 The pattern is neither clustered nor dispersed 
Spring 08 0.08 0.9 The pattern is neither clustered nor dispersed 
Fall 08 -0.11 -0.23 The pattern is neither clustered nor dispersed 
Table 11. Spatial Autocorrelation (Moran’s I) Analysis Results 
Combining the information from both of these analysis tools is very useful information 
because it shows there is no correlation between geographic location and WVSCI scores.  
This outcome was not as predicted as an assumption would be that a general location 
Data Set G Index Z score Comment 
Spring 07 0 -0.12 No apparent clustering is detected 
Fall 07 0 0.75 No apparent clustering is detected 
Spring 08 0 0.74 No apparent clustering is detected 
Fall 08 0 1.09 
While there is some clustering, the pattern may be 
due to random chance 
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containing several sample sites would have similar WVSCI scores.  However, this does 
not seem to be the case.  This may be interpreted that the stream health and habitat 
quality is not consistent throughout the 4-mile stretch.   
The last type of analysis used within the study was the Ordinary Least Squares tool found 
within Arc.  This method of analysis was used because of the tool’s ability to consider 
location, dependent variable, and explanatory variable.  The dependent variable used in 
each analysis was the WVSCI score with the explanatory variable as the structure type.  
The data had to be modified to group each structure type numerically as follows: 
 
Random =1 
Boulder=2 
Cross Vanes=3 
J-Hooks=4 
 
The results of this analysis show that the structure type does not appear to have an effect 
on the WVSCI score, given that null hypothesis p-value is 0.05 for the Joint-F Probability 
(showing the probability that none of the explanatory variables have an effect on the 
dependent variable).  In other words, no structure or lack thereof is showing any more 
improvement or deterioration than any other structure used within the study.  Ironically, 
Spring 2007 was the only data set that was close to p-value, which is exactly the opposite 
of the expected predicted results since Spring 2007 were taken before the structures were 
put into place as a reference sample set.  
Sample Set Joint F-Probability Value Accept or Reject Null 
Spring 2007 0.082256 Accept 
Fall 2007 0.980948 Accept 
Spring 2008 0.98903 Accept 
Fall 2008 0.740657 Accept 
Table 12. Ordinary Least Squares Model Results 
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Because these types of calculations begin to become unreliable due to inconsistencies in 
the data, no further calculations were completed regarding any patterns or lack thereof. 
These inconsistencies include missing data for the first two sample sets for site IPXX, 
missing data for both spring sample sets for site IP148, and missing data within the fall 
2007 sample set for both IP137 and IP147. If these locations are thrown out of any 
calculations, there are too few samples left for any reliable calculations to be completed. 
However, visually there appears to be an overall change for the worse in habitat quality 
based on the benthic macroinvertebrate data (Figure 64, page 96). The Percent Change 
from Year 2007 to 2008 shows more negative changes than positive. 
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Site ID % 2 Dominant 
Score 
% Chironomid 
Score 
EPT Score HBI Score EPT Taxa 
Score 
Total Taxa 
Score 
WVSCI Narrative Score 
IP123 61.84 60.21 25.14 46.67 23.08 36.36 42.22 Moderately Impaired 
IP127 49.30 56.72 36.65 64.30 46.15 54.55 51.28 Slightly Impaired 
IP128 58.64 83.78 67.52 73.96 46.15 59.09 64.86 Gray Zone – Unimpaired 
IP132 43.25 91.38 77.82 71.56 23.08 31.82 56.48 Slightly Impaired 
IP135 49.84 93.55 68.99 68.14 30.77 54.55 60.97 Gray Zone – Unimpaired 
IP137         
IP145 35.85 84.00 71.92 71.45 46.15 54.55 60.65 Gray Zone – Unimpaired 
IP147 49.13 91.60 64.75 68.94 23.08 59.09 59.43 Slightly Impaired 
IP148         
IPXX         
RAND1 0.00 0.00 0.00 54.13 0.00 4.55 9.78 Severely Impaired 
RAND2 39.87 93.25 16.33 26.50 15.38 31.82 37.19 Moderately Impaired 
RAND3 70.88 67.82 49.77 57.13 15.38 18.18 46.53 Slightly Impaired 
RAND4 14.95 28.61 0.00 46.52 0.00 18.18 18.04 Severely Impaired 
RAND5 41.14 46.11 41.55 61.35 53.85 64.55 49.55 Slightly Impaired 
Table 13. Spring 2007 WVSCI matrices scoring 
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Site ID % 2 Dominant 
Score 
% Chironomid 
Score 
EPT Score HBI Score EPT Taxa 
Score 
Total Taxa 
Score 
WVSCI Narrative Score 
IP123 37.25 63.96 22.13 53.48 7.69 27.27 35.30 Moderately Impaired 
IP127 22.17 74.36 72.31 72.03 30.77 40.91 52.09 Slightly Impaired 
IP128 39.36 69.26 72.43 71.86 30.77 40.91 54.10 Slightly Impaired 
IP132 76.19 70.63 57.06 62.23 30.77 40.91 56.30 Slightly Impaired 
IP135 33.14 92.48 95.98 95.07 30.77 36.36 63.97 Gray Zone - Unimpaired 
IP137 52.16 88.71 84.38 75.55 23.08 31.82 59.28 Slightly Impaired 
IP145 59.07 60.82 40.29 58.35 46.15 63.64 54.72 Slightly Impaired 
IP147 58.48 71.89 64.20 64.77 61.54 77.27 66.36 Gray Zone - Unimpaired 
IP148 1.35 94.43 0.94 29.46 15.38 18.18 26.63 Moderately Impaired 
IPXX         
RAND1 47.15 81.38 12.66 58.95 23.08 36.36 43.26 Moderately Impaired 
RAND2 37.39 99.12 97.63 81.64 30.77 40.91 64.58 Gray Zone - Unimpaired 
RAND3 31.06 44.98 20.04 53.70 30.77 40.91 36.91 Moderately Impaired 
RAND4 40.47 62.25 50.98 70.24 23.08 50.00 49.50 Slightly Impaired 
RAND5 28.83 96.09 101.86 79.10 38.46 50.00 65.41 Gray Zone - Unimpaired 
Table 14. Fall 2007 WVSCI matrices scoring 
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Site ID % 2 Dominant 
Score 
% Chironomid 
Score 
EPT Score HBI Score EPT Taxa 
Score 
Total Taxa 
Score 
WVSCI Narrative Score 
IP123 48.57 62.94 55.86 64.58 30.77 59.09 53.63 Slightly Impaired 
IP127 27.63 25.63 20.72 57.43 30.77 50.00 35.36 Moderately Impaired 
IP128 63.80 61.04 38.07 56.52 38.46 59.09 52.83 Slightly Impaired 
IP132 55.86 57.84 44.91 60.31 30.77 50 49.95 Slightly Impaired 
IP135 19.55 40.52 34.00 62.16 23.08 45.45 37.46 Moderately Impaired 
IP137 65.38 63.24 27.74 60.10 46.15 59.09 53.62 Slightly Impaired 
IP145 15.83 26.40 20.52 59.03 30.77 36.36 31.49 Moderately Impaired 
IP147 35.44 45.21 8.29 51.12 7.69 31.82 29.93 Moderately Impaired 
IP148         
IPXX 57.18 67.18 32.40 53.79 23.08 40.91 46.75 Slightly Impaired 
RAND1 58.45 88.95 73.87 70.14 76.92 77.27 74.27 Unimpaired - Good 
RAND2 14.68 26.82 3.75 48.69 23.08 36.36 25.56 Moderately Impaired 
RAND3 90.52 82.48 30.27 47.18 30.77 50.00 55.20 Slightly Impaired 
RAND4 75.38 73.12 48.55 61.32 23.08 36.36 52.97 Slightly Impaired 
RAND5 41.14 45.11 41.55 61.35 53.85 54.55 49.59 Slightly Impaired 
Table 15. Spring 2008 WVSCI matrices scoring 
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Site ID % 2 Dominant 
Score 
% Chironomid 
Score 
EPT Score HBI Score EPT Taxa 
Score 
Total Taxa 
Score 
WVSCI Narrative Score 
IP123 44.70 47.87 41.46 63.44 30.77 45.45 45.62 Slightly Impaired 
IP127 50.97 54.54 5.77 42.69 23.08 40.91 36.33 Moderately Impaired 
IP128 64.36 77.19 78.09 75.08 38.46 45.46 63.11 Gray Zone – Unimpaired 
IP132 31.90 32.63 26.20 59.08 30.77 50.00 38.43 Moderately Impaired 
IP135 34.84 49.88 42.94 63.32 38.46 50.00 46.57 Slightly Impaired 
IP137 35.29 84.62 85.72 75.26 46.15 50.00 62.84 Gray Zone - Unimpaired 
IP145 11.60 11.56 4.58 56.10 30.77 46.46 26.68 Moderately Impaired 
IP147 35.52 34.68 30.03 59.48 30.77 36.36 37.81 Moderately Impaired 
IP148 32.66 32.46 29.33 60.18 38.46 40.91 39.00 Moderately Impaired 
IPXX 17.54 17.83 16.16 57.85 30.77 36.36 29.42 Moderately Impaired 
RAND1 21.27 18.99 11.20 56.11 30.77 50.00 31.39 Moderately Impaired 
RAND2 36.41 41.81 40.91 65.99 38.46 54.55 46.35 Slightly Impaired 
RAND3 10.34 17.90 15.55 57.13 23.08 36.36 26.73 Moderately Impaired 
RAND4 33.75 59.52 59.48 67.72 38.46 50.00 51.49 Slightly Impaired 
RAND5 84.79 92.72 86.47 67.49 38.46 40.91 68.47 Unimpaired-Good 
Table 16. Fall 2008 WVSCI matrices scoring 
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Figure 51. Spring 2007 WVSCI Scored Sample Sites 
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Figure 52. Fall 2007 WVSCI Scored Sample Sites 
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Figure 53. Average 2007 WVSCI Scored Sample Sites 
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Figure 54. Spring 2008 WVSCI Scored Sample Sites 
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Figure 55. Fall 2008 WVSCI Scored Sample Sites 
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Figure 56. Average 2008 WVSCI Scored Sample Sites 
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Figure 57. Percent Change Spring 2007 – Fall 2007 
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Figure 58. Percent Change Spring 2007 – Spring 2008 
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Figure 59. Percent Change Spring 2007 – Fall 2008 
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Figure 60. Percent Change Fall 2007 – Spring 2008 
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Figure 61. Percent Change Fall 2007 – Fall 2008 
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Figure 62. Percent Change Spring 2008 – Fall 2008 
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Figure 63. Percent Change Average 2007-Average 2008 
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Figure 64. Percent Change Positive and Negative Average 2007- Average 2008 
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Figure 65. Results of Anselin Local Moran’s I for Fall 2008  
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Conclusion 
Overall, the stream habitat has shown significant initial physical improvement.  The 
instream structures and cleanups can be considered successful thus far with regard to 
sediment bedload flushing and improvement in the overall physical habitat.  However, 
the benthic macroinvertebrate GIS analysis has not been found to show a progression 
toward rehabilitation or any statistically significant patterns within the study area.  The 
lack of progression with the benthic macroinvertebrates may be due to the overall 
chronically high levels of aluminum and iron, or bacteria overload, as is found in this 
study.  Another reason may be time.  Possibly either too little time has passed for natural 
repopulation to occur given that the stream has been degraded by human interference for 
over 150 years, or sufficient monitoring time within the scope of this study has not 
occurred to indicate a progression.   
The temporal results of severely disturbed land over the general area, and specific to the 
areas within the watershed buffering distance, indicate a potential increase in sediment 
load possibly containing heavy metals.  A more thorough sampling for TDS and Specific 
Conductance is needed to conclusively determine point sources, if point sources exist for 
this pollution, but initial GIS analysis provides a starting point for possible sampling 
locations.   
The results of the bacterial analysis indicate elevated levels of E. coli and GIS analysis 
indicates certain hotspots with similar high levels.  Combining this analysis with a visual 
examination of population within a 500 ft. buffering of the watershed indicates that 
certain areas of high population fall within the statistically significant clusters of high 
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concentrations of E. coli.  This analysis result may indicate a lack of sufficient 
wastewater treatment specific to these locations.  Due to the rain event that occurred 
during the sample collection, these data may be skewed.  However, because rain events 
are common within the area, the results of the data are still considered significant.  
As stated in study performed by Roque, et. al, 2003., there is a “necessity of considering 
different levels of spatial heterogeneity for the conservation of biodiversity in the 
streams” (p 63).  Although this study is broken down into several facets, they are all 
interconnected.  There are several other aspects within the scope of the Little Coal 
Improvement Project not included in this analysis and are yet still connected with the data 
and analysis within the scope of this particular study.  For example, fish data are also 
being collected.  However, fish, although completely relevant to the overall project, are 
not considered as accurate and reliable bioindicators as the benthic macroinvertebrates 
and were therefore not included in this particular initial analysis.   
Future plans for the Little Coal Improvement Project include several phases of 
community wastewater treatment alterations, including a new facility in cooperation of 
the City of St. Albans, WV.  Also, more than 100 instream structures will be installed 
over the next few years within the Coal River watershed and a more thorough TDS study 
over a broader study area.  Recommendations for future analysis include continued 
monitoring of all areas within the scope of the project plan.  To expand further within the 
project, a possible future study on the effects the instream structures have on coliform 
concentrations may be performed.  Given the new information based on the study 
performed by the Agricultural Research Service indicating that E. coli can live much 
longer within a stream than originally believed and can even live within the streambed 
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(Perry, 2011), the coliform concentrations may be elevated further after the sediment has 
been disturbed by these sediment flushing structures.   
In conclusion, the overall analysis of this initial study has shown promising results for the 
early stages of rehabilitation.  Further analysis is recommended for more conclusive 
evidence that this project is a success, and further monitoring is planned.  This project is 
currently scheduled for monitoring until year 2017.  Although the rehabilitation process 
may not be following the predicted time frame for every facet, it is believed that the 
project is an ideal starting point for nature to complete the rehabilitation process.  Too 
much interference from man, even if it is well intended, could become detrimental to the 
stream.   
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